INTRODUCTION
Axillary lymph node status is significant for staging and treatment planning in women with breast cancers because it is the most important prognostic factor [1] . The presence of nodal metastases decreases 5-year survival by approximately 40% compared to node-negative patients [2] .
In recent years, the sentinel lymph node biopsy has replaced axillary lymph node dissection for nodal staging. The sentinel lymph node is the hypothetical first lymph node or group of nodes reached by metastasizing cancer cells from a primary tumor. If the sentinel node is not cancerous, there is a high likelihood that the cancer has not spread to any other area of the body. The sentinel lymph node biopsy is performed to predict the indication of axillary node dissection. However, slow or faulty radiotracer distribution, expended operating time, and prompt decisions based on the analysis of frozen sections by pathologists are problems of sentinel lymph node biopsy [3] [4] [5] [6] [7] . The sentinel lymph node biopsy has 1-15% false negative results, which leads to the axillary lymph node dissection not being performed in patients with a negative sentinel node biopsy but who in fact have axillary metastases [6] .
Thus, less invasive modalities such as ultrasound (US), power Doppler US, mammography, computed tomography Purpose: To investigate the significance of the cortex-hilum (CH) area ratio and longitudinal-transverse (LT) axis ratio and the blood flow pattern for diagnosis of metastatic axillary lymph nodes by ultrasound in breast cancer patients. Methods: From October 2005 to July 2006, we prospectively evaluated axillary nodes with ultrasound in 205 consecutive patients who had category 4B, 4C or 5 breast lesions according to the Breast Imaging Reporting and Data System-Ultrasound (BI-RADS-Ultrasound ® ). Among the 205, there were 24 patients who had pathologic verification of breast cancer and axillary lymph node status. For a total of 80 axillary nodes we measured the areas of the cortex and hilum of lymph nodes and calculated the area ratio. We also measured the length of the longitudinal and transverse axis of the lymph nodes and calculated the length ratio. We evaluated the blood flow pattern on power Doppler imaging and classified each lymph node into a central or peripheral pattern. Diagnostic performance was analyzed according to positive criteria for lymph node metastasis (CH area ratio > 2, LT axis ratio < 2, peripheral type on power Doppler imaging). Results: The sensitivity of the CH area ratio was superior to that of the LT axis ratio (94.1% vs. 82.3%, p= 0.031) and to that of the blood flow pattern (94.1% vs. 29.4%, p= 0.009). For specificity, all three evaluating parameters had high values (89.1-95.6%) and no significant differences were found (p= 0.121). The CH area ratio had a better positive predictive value than the LT axis ratio (94.1% vs. 80.0%, p= 0.030) and power Doppler imaging (94.1% vs. 66.6%, p= 0.028). For the negative predictive value, the CH area ratio was superior to the LT axis ratio (95.6% vs. 86.6%, p= 0.035) and the blood flow pattern (95.6% vs. 63.0%, p= 0.027). Conclusion: We recommend the CH area ratio of an axillary lymph node on ultrasound as a quantitative indicator for the classification of lymph nodes. The CH area ratio can improve diagnostic performance when compared with the LT axis ratio or blood flow pattern.
(CT), dynamic contrast enhanced magnetic resonance imaging (MRI) and positron emission tomography (PET) have been increasingly attempted to stage an axillary lymph node preoperatively and to diagnose a malignant lymph node.
US had been the most widely used method for the evaluation of lymph nodes [8, 9] . Moreover, preoperative lymph node staging with US combined with either fine needle aspiration or core needle biopsy can achieve high diagnostic accuracy [5, 9] . The assessment of axillary nodal status, size, morphology, cortical thickness, and vascularity are used as feasible diagnostic criteria. Of these criteria, longitudinal-transverse (LT) axis ratio, concentric or eccentric cortical thickening, and absent or displaced fatty hilum on gray scale US and higher peripheral vascularity on power Doppler US are reported as the most reliable criteria for predicting metastatic lymph nodes [10] [11] [12] [13] . However, some criteria such as cortical thickening or displaced fatty hilum are subjective.
The purpose of this study was to investigate the significance of the cortex-hilum (CH) area ratio and LT axis ratio on grayscale imaging, and vascularity on power Doppler imaging for decisions regarding axillary lymph node metastasis in breast cancer patients.
METHODS
This prospective study was approved by our Institutional Review Board. From October 2005 to July 2006, we examined axillary lymph nodes by US in 205 patients who had category 4B, 4C, or 5 breast lesions according to the Breast Imaging Reporting and Data System-Ultrasound (BI-RADS-Ultrasound ® ) [14] . Among the 205, there were 24 patients who had pathologic verification of breast cancer and axillary lymph node status. These patients had no history of surgical excision, neoadjuvant chemotherapy or radiation therapy for breast cancers during US examination. A total of 80 nodes were pathologically verified by US-guided core biopsy (n= 44), USguided fined needle aspiration (n = 20), or surgical excision after needle localization (n= 16) for node-to-node correlation with histopathology and US results. The lymph nodes were prospectively examined using gray-scale and power Doppler US. Patients ranged in age from 32 to 59 years (mean, 43.5 years) and all patients were female.
US examination
We examined axillary lymph nodes with iU 22 or HDI 5000 SonoCT (Philips Medical Systems, Bothell, USA) using linear high frequency transducers with 5-12 MHz broad band width. The patient was placed in the supine or contralateral side-down oblique position on the table, with the ipsilateral hand placed behind the head. A breast radiologist who had 7 years of breast imaging experience scanned both the axillae in transverse and longitudinal directions.
Initially, gray scale imaging was used for detection of a lymph node. Spatial compound or tissue harmonic imaging was used for improving image contrast if necessary. If an enlarging lymph node was found on US, we obtained the image at the section of the maximum size of the lymph node. We traced the hypoechoic cortical portion and hyperechoic hilar portion on the US monitor and measured the areas (cm 2 ) of the cortex and hilum of the lymph node at the section of the maximum size of the lymph node. We then obtained the CH area ratio (area of cortex/area of hilum) ( Figure 1A ). If a node had complete loss of hilum due to severe cortical thickening, the CH area ratio was an infinite value, and we considered the CH area ratio as more than 2. We measured the length (cm) of the longitudinal and transverse diameter of the lymph node, respectively, and calculated the LT axis ratio (longitudinal diameter/transverse diameter) ( Figure 1B) .
Power Doppler US was performed with low-velocity parameter settings and high gain using a slow scanning technique. We evaluated the vascularity of the lymph nodes and classified them into one of three types: 1) peripheral type that had abundant blood flow at the peripheral cortex of the lymph node, 2) central type that had abundant blood flow at the hilum of the lymph node, or 3) no blood flow type (Figure 2 ). If a node had the same amount of blood flow in the cortex and hilum, we considered it as peripheral type.
US results were considered to be positive when the CH area ratio was greater than 2 and the LT axis ratio was less than 2 on gray scale imaging, and the blood flow pattern was the peripheral type on power Doppler imaging.
Statistical analyses
Diagnostic performances including sensitivity, specificity, accuracy, positive predictive value (PPV), and negative pre- dictive value (NPV) for the diagnosis of an axillary node were calculated for US findings. The probability of malignancy was dichotomized for assessment of diagnostic performances. An LT axis ratio < 2, CH area ratio > 2, or peripheral blood pattern by US was defined as 'positive' for the purpose of calculating diagnostic parameters. Diagnostic performances were based on pathologic results or follow-up images. If a lymph node had a benign histopathologic result, the node was considered to be non-metastatic. For comparisons of the diagnostic performance for each US criteria, McNemar's test was used. A finding was found to be statistically significant if the p-value was less than 0.05. All statistical analyses were performed using SAS version 9.12 (SAS Institute, Cary, USA).
RESULTS
The histopathologic types of the 24 breast cancers were invasive ductal carcinomas in 20 patients, ductal carcinoma in situ in one, metaplastic carcinoma in one, mucinous carcinoma in one, and melanoma in one. In the 80 lymph nodes, eight (10.0%) lymph nodes were palpable and the remaining 72 (90.0%) nodes were not detected by physical examination. Eighty nodes were pathologically verified as metastasis in 34 (42.5%) and reactive hyperplasia in 46 (57.5%). Sixty-seven (83.7%) nodes were located in axillary level I, eleven (13.7%) in level II, and two (2.5%) in level III. Table 1 demonstrates the diagnostic performances of the CH area ratio, LT axis ratio, and blood flow pattern on power Doppler imaging for evaluation of axillary lymph nodes. The sensitivity of the CH area ratio was superior to that of the LT axis ratio (94.1% vs. 82.3%, p= 0.031) and to that of the blood flow pattern on the power Doppler imaging (94.1% vs. 29.4%, p = 0.009) (Figures 3, 4) . For specificity, all three evaluating parameters had high values (95.6% for the CH area ratio, 89.1% for the LT axis ratio, 89.1% for the blood flow pattern) and no significant differences were found (95.6% vs. 89.1%, p = 0.121). The CH area ratio had a better PPV than the LT (Figures 3, 4) . For the NPV, the CH area ratio was superior to the LT axis ratio (95.6% vs. 86.6%, p= 0.035) and the blood flow pattern (95.6% vs. 63.0%, p = 0.027) on power Doppler imaging. Therefore, the CH area ratio had high values in all test performance characteristics (sensitivity, specificity, PPV, and NPV).
DISCUSSION
Assessment of axillary lymph node status is essential for determining tumor staging and treatment as well as establishing prognoses for breast cancer patients. The exclusion of lymph node metastases by non-invasive methods could reduce the rate of unnecessary axillary surgery. However, a physical examination of the axilla is not an accurate method for predicting lymph node status [15, 16] . Thus, various imaging techniques have been used for evaluation of axillary lymph nodes. US is a convenient imaging modality to evaluate axillae. Node size and morphology were used as criteria for positivity on US [17] . For node size, sensitivity varied between 48.8% and 87.1% and specificity, between 55.6% and 97.3%. For lymph node morphology, sensitivity ranged from 26.4% to 75.9% and specificity, from 88.4% to 98.1%. As a result, US is moderately sensitive and fairly specific for the diagnosis of axillary metastatic involvement. However, US has various ranges of diagnostic performance and the experience of the examiner and period of availability are crucial for the diagnostic precision and prediction.
To make a determination of the axillary lymph node status by US, we focused on cortical changes. Metastatic cells traveling through afferent lymphatic channels are first embedded in the marginal sinus at the cortex of a lymph node, which drains to the hilum [13, 18] . Thickening of the cortex is an indicator of an early change in metastasis. After cortical enlargement, the absence of a fatty hilum develops as a later change and is considered to be the most specific finding for the detection of metastases.
For the assessment of cortical thickening of a lymph node by US, quantitative or qualitative methods have been used. The quantitative indicators include the maximum thickness of the cortex or LT axis ratio or the number of peripheral blood vessels. The qualitative methods used for the diagnosis of lymph node metastases on US include a round morphology, hypoechogenicity, loss of central hilum, or eccentric cortical hypertrophy. Abnormal lymph nodes tend to become more rounded due to the neoplastic involvement enlarging the short plane of the LN. Therefore, a low LT axis ratio, which indicates that the shape of the node is round, is usually detected in malignant nodes [11, 18, 19] . We used a cutoff value of 2 because an LT ratio > 2.0 indicates [11] that the lymph node is more likely to be non-metastatic .
In previous studies about cortical thickness on US, various cortical-size criteria were used for suspected lymph nodes. A recent study by Cho et al. [20] suggested a cortical thickness of 2.5 mm to be the threshold for designating a lymph node as being suspicious.
For evaluation of blood flow in a lymph node, Doppler US with or without contrast media has been used. Malignant lymph nodes had a greater total and number of peripheral vessels compared with benign axillary lymph nodes [12] . However, the heterogeneity of qualitative or quantitative 
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methods shows that the results also continue to be variable in each group in meta-analyses [17] .
To improve the diagnostic performance of the axillary lymph node, we measured the areas of the cortex and hilum of the lymph node. We believed that the area might be more accurate than the length in assessing the thickened cortex of the lymph nodes. We traced the cortical and hilar margins on the US monitor to obtain the areas of each cortex and hilum and then compared the areas of the two sites. We firstly mentioned about "CH area ratio of lymph nodes" in the current study, therefore, there is no comparable previous data about CH area ratio. We obtained diagnostic performances at various CH area ratio, > 2, > 2.5, or > 3. Using our criteria (CH area ratio > 2), we achieved substantially higher sensitivity (94.1%), specificity (95.6%), PPV (94.1%), and NPV (95.6%). On the other hand, CH area ratio > 2.5 or CH area ratio > 3 had lower sensitivity (85% or 79%) and NPV (84% or 76%) than CH area ratio > 2, although CH area ratio > 2.5 or CH area ratio > 3 had higher specificity (97% or 100%) and PPV (96% or 100%). Therefore, we used CH area ratio > 2 for classification of metastatic versus non-metastatic lymph nodes in the current study.
The current study demonstrates that the CH area ratio has the best results in diagnosis performance. Additionally, in sensitivity and PPV, the results of the CH area ratio were significantly superior to the LT axis ratio and power Doppler findings. The CH area ratio may improve diagnostic performance for lymph nodes with even smooth cortical thickening, oval morphology, and unincreased peripheral blood flow. A lymph node with even smooth cortical thickening can be missed for malignant detection if we use the maximum thickness of the cortex. The oval morphology may have a false negative result in the LT axis ratio because of a long longitudinal diameter. Increased peripheral blood flow of lymph nodes cannot be detected with Doppler imaging without contrast media because of slow velocity or an inadequate number of vessels.
In our results, the LT axis ratio and power Doppler imaging features show limited PPVs. And power Doppler imaging also has very low sensitivity. Low PPV can produce unnecessary lymph node biopsies or unnecessary surgical dissections and increased medical costs and increased patient anxiety. Low sensitivity has missed diagnoses and created false negative results for diagnosis of node metastases. Therefore, we recommend the CH area ratio to evaluate axillary lymph nodes for diagnosis of metastases because of high diagnostic performance and a convenient, objective method. The CH area ratio can be used as a quantitative indicator for the diagnosis of a metastatic lymph node in addition to the subjective morphologic features.
This study has several limitations. First, because of the prospective design of our study, we evaluated 165 consecutive patients who had BI-RADS ® category 4B, 4C, or 5 lesions and then included only 24 patients who had pathologic verification of breast cancer and axillary nodal status. Thus, the number of lymph nodes was small, 80. Though the CH area ratio showed satisfactory diagnostic performance to determine between metastatic and non-metastatic nodes, we cannot assure that the CH area ratio will replace tissue sampling in the near future. Furthermore, the CH area ratio was firstly described in the current study and there is no comparable previous study. We recommend a further study in a large population with breast cancers to apply our results in clinical practice. Second, we compared the vascular predominance between the cortex and hilum of a lymph node; however, we did not count the number of vessels. This is a subjective method. Third, we did not analyze the lymph nodes according to the location or size of the nodes. The results may be influenced by these factors. Forth, 20 lymph nodes were pathologically diagnosed by USguided fine needle aspiration in the current study. Fine-needle aspiration of axillary nodes is highly sensitive and specific for lymph node involvement by primary breast carcinoma when compared with clinical and radiologic examination alone [21, 22] . Thus, axillary fine needle aspiration can play a role in sparing sentinel lymph node biopsy in triaging advanced cases for systemic and neoadjuvant therapy. However, diagnostic performance of axillary fine needle aspiration still has limitations in low suspicious lymph nodes when compared with core needle biopsy or excisional biopsy [21] . If a lymph node was positive on fine needle aspiration, we performed lymph node dissection and obtained final pathologic diagnoses. However, node-to-node correlation with pathologic findings and US results could not be performed after node dissection.
In conclusion, we recommend that the CH area ratio of an axillary lymph node on US be used as a quantitative indicator for the diagnosis of lymph node metastasis. The CH area ratio can improve diagnostic performance when compared with the LT axis ratio or peripheral vascularity on power Doppler imaging.
